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_ BF. Cooper 


By: R.B. Coulson 
PART FT 
DESIGN OF WING ARRIALS 


1. JNTRODUC TIO 5 

A brief ouviine of the experimental work leading to 
the development of the wing aerial system for the Australian 
Rebecca instalintion onthe Beaufighter plane follows. 

The aerials sre suitable for frequencics of 176 Mc/s and 
the renge from 21-234. Mc/s with satisfactory gain and direction 
finding proportics, 


1.1 Lgquiremernts 
A set of rceciving acrials was needed which would be 
vertically polarised and have the following properties: - 


(a) Frequency Band _ 176 Me/s and 214 — 234 Me/s 

(b) Gain Sufficicnt gain on upper. 
frequency band to give range of 
20 miles in the forward dircection 
at 1500 ft. with Australian Rebecca 
and Burcka cquipment, and 10 miles 
in tho backward direction, 

(c) D/F Prove>tios To give continuously increasing 
D/F up to 60° without ambiguitics 
with a D/F ratio of about 1.5/4 at 
10° off. 
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(ad) Match A standing voltage wave ratio 
of less than 2:1 on all frequencies. 

(e) Miscellaneous - Jo be free from propeller 
modulation, 


Requirements (c) and (e) were the considerations which 
finally led to the adoption of a wing installation as against a 
fuselage installation, (See Pig. 23) 

The transmitting aerial was installed under the nose of the 
aircraft. It was required to behave similarly in metching - 
qualities as in 1.1 (d) and have suffieient gain to trigger 
Eureka at 25 miles at least, 


Ze PRE= CONSTDERAT 

It appeared that whatever actual type of aerial were devel- 
oped, it would probably consist of two or more elements in the 
form of an array, some elements being either parasites or phased 
elements. It was decided to pursue the simplest type of aerial 
with the hope that it could be made workable. Rather than an 
array of elements such as in, say, a Yagi aerial, +‘ elements 
were used, connected to the underside of the wing wi electrical 
images thus produced in the aluminium covering. The R,A.A.F. had 
expressed a preference that any installation should be on the 
underside of the wing rather than on top. This brought in another 
Complication, in that, in addition to the effects that the body 
of the plane and especially the engine nacelles would have on the 
polar diagrams, rockets which are installed under the wing could 
not be permitted to influence the diagram too much, 

Solution to the above problem was to produce an aerial with 
& pattern which had little radiation in the direction of these 
obstructions: this also helped to minimise propeller flutter. 

Another consideration borne in mind during the experimental 
work was to keep the elements as thin as possible in order to 
minimise wind drag, and yet thick Cnough to keep the bandwidth 
large. 


3.  EXPERTUENTAL PROCEDURE 

All early work on the aerial was done on a "mock-up" wing. 
This was a flat metallic sheet 6' x 6' mounted on a turntable 
about 2'6" above the ground, ‘The elements were mounted ver~ 
tically on the top of tthis and the horizontal diagram taxen by 
rotating the aerial while it received ow Signal from a dipole 
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transmitter about 50 yards away. Readings of second detector 
current.were recorded against angle. 


3.1 Polar Patterns 


Most of the work was first done on 22) Mc/s using an exciter 
and single director. Various spacings between the elements 
were tried (.1A, .15A, .2N together with different lengths of 
exciter and director, Eventually it was found that an exciter 
145" long with a director 10%" long with a separation of 63" 
produced a satisfactory diagram to suit the frequency range 
214-234 Mc/s. Then the performance at 176 Mc/s was investigated, 
It was found that the director decided upon for the higher fre= 
quency band produced very little effect at 176 Mc/s, the volar 
pattern being almost circular, Accordingly, a reflector 163" 
long, 6§" behind the exciter was found to work satisfactorily 
for 176 Mc/s. Again it was noticed that this reflector had only 
small effect at the higher frequencies. After checking a erude 
experimental installation on a Beaufort Bomber on the ground, 
an aerial consisting of the three elements was installed on a 
Beautighter. The line of the three elements lay along the axis 
of the wings, with the exciter about five feet from the wing tip, 
The matching of this aerial will be described later. The polar 
patterns for this first installation are shown in Pigs, 1, 18 
and 19. 
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After a flight test, it was found that this aerial had far 
too little gnin, in that the range was only 15 miles. 
: Work then proceeded to develop higher gain. This time, 
the aim was to produce.as much gain as possible at upper fre=- 
quency band, temperarily forgetting about the 176 Mc/s point. 
Accordingly an experimental "mock up" was made on the 6! x 6! 
metallic sheet with the lengths and positions of director and 
reflector continuously variable. The exciter was left the 
same since it had been found to be best from considerations of 
match. The aerial then produced was as follows:- 


Exciter = 144" 

Reflector es 12" 

Director = 103" 
Exciter=-Reflector distce = 154" 
Exciter—-Director distce = 104" 


The gain along the direction of greatest intensity i.e. 
along the line of the elements, was measured in comparison with 
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a standard matched dipole for cach frequency. 

With the dimensions fixed for maximum gain, polar patterns 
were taken at 214, 224 and 234 Mc/s on the "mock up" plotform 
and were found to be much sharper than those of the first trial 
installation. A sample pattern at 224 Mc/s is shown in Pigs 2. 

After studying the patterns and with an cye to greater 
forward gain, it was decided that, without sacrificing too much 
of the D/F properties, the main beam could be swung round to 
45° from straight ahead direction onthe ‘plane. Assuming this. 
then, and that the cngine nacelles etc, would not cause much 
damage, work was started on 176 Mc/s. Since gain was not such 
an important factor for usc with Beacon, attention was concen- 
trated on modifying the pattcrn so that it would have, above all 
good D/F characteristics on 176 Mc/se Accordingly, a fourth 
element was added -— a parasitic reflector =-- at 45° to the 
line of the other clemcents,. This tended to shoot the beam out 
sideways and increase the sharpncss of cross-over dead ahead 
at 176 Mc/s.e 

This parasite was tuned both in length and distance of 
peparation from the exciter and a complcte sect of polar pattcrns 
at all frequencies was taken. These arc shown in Figse 3; h, 5 
and 6, It was now considered that for this simple type of acria 
the bost possible performance was boing got out of it. 


it. : Mi i 
4.1 Gain 

Before the second reflector was added, gain measurements 
were taken (in tho optimum direction) and wore: 











FREQUENCY GAIN REL. TO STD. DIPOLE 
pe Recs forage er 
The reason for maximum gain being at 234. Mc/se was that thc 
gcometry of the acrial was decided on that frequency. 
The addition of the second reflector served to increase 
these gain figures despite the "squint" given to the patterns 
as can be seen in Figs. 4, 5, and 6. Still measuring gain along 
the line of the three higher frequency elements, and with the 
176 Mc/s reflector in place, the following results were obtainec 






FREQUENCY GAIN REL. TO STD. DIPOLE 
7 Gb, 
22h. +3 : 
D/F ratios obtained from Figs. 3, 4, 5 and 6 aro plotted 
in Figs 7e 


4.2 Effect of Acroplanc Structure 

It now remained to sce whether the acroplene structure did 
anything scrious. Thorefore a shoet of steel 3' x 3! with the 
elements attached in their correct positions was strapped to 
the unaerside of the wing of a Beaufighter. Polar patterns 
obtained under these conditions with line of three upper fre- 
guency elements making 45° with line of flight are shown in 
Figs. 8, 9, 10 and 11 for frequencies 176, 214, 224 and 234 HMe/s, 

Derived D/F characteristics for this set up are plotted 
in Fig. 12. 

These results indicated that the whole array could be safely 
rotated even more to the front, thus increasing head on gain but 


perhaps destroying the D/F properties. Accor sey the array 
was swung through a further 209 which gave almos db. more 


gain and still performed satisfactorily. Polar diagrams are 
plotted in Fig. 13, and D/F ratios in Pig. 14. A11 work on the 
‘plane on the ground was done with the tail of the plane lifted 
up, so that, except for the whoels, the plane wes in the flying 
position. This proved to be a well worthwhile precaution. 


De MATCHING DEVTCE 

The work on polar patterns described above was continuously 
interspersed with impedance measurements. Thus the final lengths 
of the elements, particularly of the exciter, were decided by 
means of impedance checks, Taking measurements at the feedpoint 
of the aerial, the length'of the exciter was tuned to 176 Mc/s, 
i.e@. it was adjusted until at 175 Mc/s, the measured impedance 
was resistive. The impedances for the other frequencies is 
showmm in Fig. 15. -The exciter element was made of 1" tube com- 
pressed to approximate to ellipticel cross-section. This is 
thicker than the parasites and was adopted for reasons of band- 
width, <A thinner element proved to-be too critical with fre- 
quency. The parasites were made from $" round tube similarly 
compressed, the smaller size being allowable in that the para- 
sites had a comparatively smaller effect on the bandwidth. It is 









6 
to be noted that impedance matching was done on the first, or 
3-element, array before it was noticed that this system lacked 
in gain. Fortunately, however, it was discovered that the 
matching device evolved for this system was fairly good for the 
second, or /-element array. The cable feed adopted was Uniradio 
No. 1 with characteristic impedance 75 ohms, 

A study of Fig. 15 indicated that some sort of A /y trans- 
former nigh. possibly bring the 176 Mc/s impedance up within 
the 2:1 mismatch circle and yet not distmrbd the impedances at 
higher frequencies too much, 

Also it was noticed that 5A476 =A oz» so that a length of 
line cut at a length equal toNozh, while not effecting impedance 
at 234 lic/s, would act as aA/y transfc-mer at 176 Mc/s, and 
only slightly change the impedances at 21l;, and 224 Mc/s. The 
impedance at 176 Mc/s was 134-2, Ps 

For aA/k length of line of characteristic impedance Zo,» 
terminated by an impedance Z, the "looking int impedance, 

Zr = Zq% So that to match Z(= 13441) to cable of 75-Limped-~ 
ance, 7% can be obtained thus:- 


Zo =J/Z% Zan 
= 134 x 75 
= 32f1 


This is almost met by two lengths of Uniradio No. 4 in 
parallel, giving a Zo = 37}4.,. Such a transformer was made up 
and tried. Fig. 16 shows the new impedances, Though the im 
pedances do not fulfil theoretical expedtations, they are satis 
Lectory as tho S.w.r. is.always. 2/1 or less, 

The standing wave ratios when this typo matching device was 
applied to the 4-element array are shown in Fig. 47. 


6. CONCLUSION 

Photographs (Figs. 20, 21) of the final aerial installation 
are included, 

While the characteristics scem satisfactory as measured on 
the ground, they proved even better during actual flight tests, 
Full details of flight tests are given in Part III. 


PART IT 
DESIGN OF NOSE AERTAL 


1. _TNTRODUCTION 

The standard British fuselage mounting Rebecca aerial when 
tried on the Beaufighter gave an unsatisfactory polar diagram 
due to the unusually short nose of this aircraft. Further, an 
increase in power gain was desirable to give a greater margin 
of pange performance, The nose aerial described herein, while 
representing a considerable improvement on the fuselage aerial 
is still inferior to the wing acrials which were developed 
simultaneously (See Part I). 


oe iF i UT 3 Pi 7 Do 
2.1 Characteristics of Fuselase Acrizis 

Prior to work on the Beaufirhser at Radiophysics, the R.A.A.E 
had fitted a set of British aerials in the position shown in 
Fig. 23. On the average aircraft this aerial gives a prominent 
lobe on the side on which the acriel is mounted and a fairly. 
sharp cut off on the other side duc to the screening effect of 
the fuselage. This results in 2 good D/¥ characteristic with the 
D/F ratio increasing rapidly as the aircraft goes off course to 
either side, 

However, in the case of the Beaufighter the engine nacelles 
are so prominent that the port nacelle, for instance, cuts off the 
radiation from the port aerial beyond 50° off the line of flight 
and produces a big dip in its main lobe. Om the other hand a 
proportion of the energy from the starboard aerial is reflected 
from the starboard nacelle and produces a large secondary lobe 
on the port side, The nett result is that the D/F ratio starts 
off in the right way but soon decreases to 1/1 again as shown in 
Fig. 24. This diagram is not acceptable since it may lead to 
confusion in homing and indeed the R.A.A.F. has specified that 
the D/F ratio mst increase progressively out to 60° off the 
line of flight. : 

Further work was therefore undertaken and the nose aerial 
was evolved as described in the next: section. 


202 Design of Nose Aerial 


In order to improve on the fuselage aerial various arrange- 
ments of dipole with director were tried around the nose and it 
was: found practically impossible to avoid the cut off due to the 
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nacelles until the aerial was nearly in front of the nose, At 
this point, however, there was a very poor cross=—over character- 
istic although the forward gain was improved 4-5 db. The 
addition of a reflector rod produced a reasonably good cross-~ 
over but since all the parasitic eloments were tuned to 22h Mc/s 
the 176 Mc/s diagram was very poor. Finally, a 176 Mc/s re- 
flector was placed near the 224 Mc/s reflector and although the 
operation on 176 Mc/s still left much to be desired, it was 
felt that this was the best that could be done in the time 
availeble and without a further increase in the complexity of 
the aerial. A “flyable" model of the aerial shown in Fig. 22 
was made up using the fuselage acrials as an expedient. It will 
be seen that the reflector rods function for both the port and 
sterboard aerials and possibly prevent interaction between the 
exciter elements. The Uniradio No. 4 feeder (47 ohms) used in 
the British aerial was replaced by Uniradio No. 1 (75 ohms), the 
standard local cable. 


2e2e1 Polar Diagrams 

Polar diagrams taken on the ground with the tail wo in the 
flying position are given in Figs. 25 and 26 and D/F ratios are 
derived from the polar diagrams in Fig. 27 and 28. These may 
be compared with the D/F ratios observed in flight as shown in 
Fig. 29. 


2.2.2 Propeller Effects 

During the taking of polar diagrams it was observed that 
the propellers had a considerable effect on the aerials, and 
the readings at each bearing were taken with the propellers in 
the position which gave maxinmum reception. This corresponds to 
the observation in flight where the observer naturally concen- 
trates on the outermost of the multitude of "blips" which are 
produced by the rotating propeller, 

At this juncture it might be mentioned that the propeller 
modulation does not seriously affect D/f-ing if attantion is 
concentrated on the outermost "blips" although the effect is 
quite unpleasant and the wing acrials are much to be preferred 
for their freedom from propeller effects. 


265 Impedance Measurements 

The impedance at the feed point of the aerial is given in 
the following table. No attempt was made to devise a transformer 
which would correct the impedance at 176 Mc/s. 





176 Mc/s 
214M 





Be 

From all points of view it seems that Rebecca receiving 
aerials on the fuselage or nose of the Beaufighter are, at best, 
only a compromise and the wing acrials should be adopted unless 
some unforseen mechanical objection precludes the use of the 
latter, A further objection to the. nose aerials is the diffi- 


culty of finding another position for the camera which usually 
is mounted in the nose. 
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PART IIT : 
RMBECCA-EUREKA FLIG T LS 
28:10; and 3:41: 


1.  TNTRODUCTTON 
The above trials were carried out to determine the perfor- 
rance of what is hoped will be the final versions of Rebecca IIB 

(Aust.) and Eureka IIB, prior to handing the prototype over to 
R.A.A.F. for acceptance trials. In previous trials some diffi- 
culty had been experienced in achieving the specified range of 
20 plus miles at 1500 ft., and at the same time providing an 
aerial system for the Beaufighter which would give satisfactory 
D/F. 

: of the two aerial systems then fitted, only the fuselage 
acrials were giving tho required range but their D/F ratio de- 
creased to approximately unity for angles beyond 50° off the 
line of flight. A set of acrials fitted under the wings had 
very satisfactory D/F properties but their power gain was low 
ere in a range of only 15 miles. 

ivther work on the latter aerials has resulted in an in= 
crease sped 10 dbe in their forward power gain so that they now 
give the required range, while a new design of asrial has been 
fitted to the nose which gives the same range performance but 
has only fair D/F properties. 


2e RESULTS 

The flight results are tabulated below. Hureka was set up 
on Bankstown aerodrome, its aerial height being 10 ft. The 
aerial used was a copy of the AN=-PPNI design mounted on the R.P, 
tripod, and the R.P.-designed aerial, which is not quite as 
efficient, was also given a short trial for canparison 
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2e1 


aay 


Height 
















Frequency 
Channel 








18 tail 
27 head on 


" 140° 20 tail on 


" 320° 27 head on 7 
wt 44409 22 tail on ™ 
" 3200 20 head ony! 5:1 


25 head 


Fon turning back at 30 :1tiles the receiver became unstable 
for some obscure reason and did not right itself until the 
distance had closed to 20 miles. At this distance tne blip was 
very strong and it is reasonable to assume that a range of 27 
riles would have been obtained if the receiver had not misbe-~ 
havede 

A couple of runs on frequencies AC* and CE' with the R.P. 
model of Eureka aerial gave ranges of 21 and 22 miles respec- 
tively but it is felt that the beacon Was somewhat off tune 
with this aerial and that it does not compare quite so unfa- 
vourably with the AN-PPN-1 design. 

Owing to cloudy conditions at 5000 ft. it was not possible 
to get maximum ranges at this height. This will be done later 
and it is reasonable to expect a renge of approximately 50 
miles judging from the proportionality between previous flights 
at 5000 and 1500 ft. 





By keeping a “time lon on the ground and in the aircraft it 
was deduced that the maximum trigscring range wes on the average 
very close to the maximum range of visibility of the "blip". 


203 





These were taken by flying the aircraft on a course of 

000° passing slirhtly to the side of the beacon. The dearing 

of the beacon from the aircraft was then mcasuxved with an astro- 
compass and D/F ratios were noted, The results are plotted in 
the attached Figs. 30 and 31. In the case of the 176 ifc/s 
frequency where Rebecca is normally used to home on to an A.S.V. 
beacon, anomalous results were obtained due to the reception of 
horizontally polarised waves on a vertical aerial. When homing 
on to the Mascot beacon it was found that there was no definite 
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1:1 D/F position but that ectuclly the D/F ratio oscillated in 

a rather vague manner between 1:1 and 2:1 for angles up to 60° 
off course. aA small degree of banking produced quite a large 
increase in amplitude of the “blips together with a consider- 
able improveient in their appearences indicating that the acrials 
when vertical only pick up stray radiation, On the other hand 
the D/F patterns obtained with a verticel aerial attached to 
Eureka are quite normal as shown in Figs. 30 and 31. 

It is sugrested that D/F-ing on the A.S.V. beacon may be 
improved by radiating a saall proportion of the energy with 
vertical polarisation, This could be achieved by clamping small 
rods on the "cartwheel" acrial as show in Fige 32. The size 
of the rods would have to be adjusted empirically to give a 
vertical field strength equcl, say, one half to one third of the 
horizontal field, 


Je CONCTUSTON 

From the point of view of getting the best presentation the 
wing aerials are greatly superior to the nose aerials owing to 
their smoother D/F properties and freedom from propeller flutter 
which affects the nose aerials very badly. It would seem, there- 
fore, that the wing aerials should be adopted. 
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PART IV 


THSTALLATION DATA 


Dravings of the wing acrial installation are attached as 
shown in the rcllowing list. 


Bout 1 Assy. Dwg. K126 

Component Parts List Nos. 8397 
84.35 

Detail Dwes. See above C.P.L.'s 


™ the case of the nose aerial, no finished drawinrs are 
available, ut 2 sketch (Fig. 25) showing positions of the 
elements is included. 
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PART V 


W = ARP 


1. 
The transmitting aerial is required to radiate the Rebecca 


tronsiitter power with a fairly uniform distribution, although 
a certain amount of reduction in the backwards radiation is 
tolerable. For the Beaufichter installation a combination of 
exciter plus director is used, similar to the stcnderd British 
installation except for mechanical details, 


Originally 2 single vertical element was mounted under the 
nose to serve as transmitting acrial, It was identical in 
construction and feed with the wing exciter element described in 
Part I. However, with the improvement of the receiving aerials 
it was thought desirable to increase the gain of the transritt-— 
ing aerial and a director element was accordingly added. The 
director element is 102" long and is identical with the directors 
used on the wing. A sketch of the aerial arrangement is shown 
in Fig. 336 


3  IZLREDANCE )3ASUREMENTS 

As mentioned previously, the matching arrangement described 
in Part I was used on the exciter element, but while this cave. 
a fairly good match it was found that the Rebecca transmitter 
was inclined to execute a frequency jump in the neighbcurhood of 
214 Mc/s. By lengthening the exciter element to 153" and using 
a single Uniradio No. I feeder without a transformer, 2 good 
match was secured at 214 Me/s with a reasonable match at other 
frequencies and the frequency jumm wss eliminated. A table of 
i.pedances is given below. 





Exciter length =154" 


Horizontal Polar Diagram 


3 


— amon B34 Mo 
caw----224 Me/s 


Director 103" 
Exciter 13$" 


Reflector 163" 


D-E spacing 62" 


/ 
ie 
/s 


-—--=— 234 lic 
~~~ 176 Mo 


E-R spacing 63" 





| | S 
: ! 
j | 
o mo @ 
> . * 


- 


& 


oo iG < 9 nN rc oO 
* e eo s s s s 


OF2BY S74 TOA 


O 20 40 60 8&6 100 120 140 166 180 200 220 240 260 280 300 320 340 360 


Fig. i. 


“oe "OT a 
YynuTZy Jo ssatisaq 
O8T OST 008 OTe O82 Of8 OFE OSE O92 oZ O8e¢ O62 00S OTE OBS OLS OFE OGE O9E 
O8T OAT O9T OGT OFT OST OST OTT GOT 06 O8 og 09 OS OF OF O8 OT O 











9 
OT 
02g 
i O¢ 
oO 
: 
ey) OF 
CQ 
@ 
wy OS 
Da) 
= 09 
O 
O04 
08 
06 
a (OT LOLS OOT 
a7St = JeICVS a= TOXE= HO.L08 Las G 
uZzOT = “ YOLOE Td 
ust = wo FOLIOS 
SPT = LOTT BE LloxE QP ¢ = NIVO 
“> RALENOTD 


"S/O. bes = LOMO. THs “OUT. TYLOLGI Ly 
NO AVY GME HOM HOI YVTIOd TY¥MOZIuoH 


ge 
Ht 
ol 4 
wr oS oO 
L OQ 4 
Dm 
on 
AN | Ss 
10 ©) 
a \ 2 
rot ) 
i 
str ann 3 
HO 
DO 
£9 10 
a 
rea) 
oo 
on 
o 
BEEEEE yo) 
rae Le bd he | i 
2 
ge 
Oo 
- wo 
cu a 
Qo 
© <# 
20 
Ye ne 
ie 
— S 
So 
PENSE a 3 
20 
1 
20 
O@ 
oa 
F1BY eSuy TOs 
oOo 
° am 
°o S cu 
a 


Degrees of Azimuth 


Fig. 35. 


°F *STa 
qp $G = uteo 
uynutzy Jo ssereq 
OF Of OZ OT O9S OSS OFS OSE OSE OTS NOE 06 OBS O4G 098 lGe 
OfZ OTS OOS O6T OST OAT O9T OST OFT CET CUT ATT OST 906 OB 4 


ne — 


OTT 90T 06° +98 +O4 O09 OS 
062 082 342 O92 OG OVE Oz 






i 
~| 
1 
{ 
4 
O° 
Ww 
OTYSE B9aq4TOA 


cee eet 
Po 
ahiaae 
a j 
Le | 
| 
Se RS 


| 
a 
ether 


oy 
i 
| 
: 
' 


*s "Sta 


ap %#G utTeD 
YARUTZY Jo sostieq 


O0T 96 08 24 09 3S OF Of DF OT 9 O9E OSE OPE OSE OBE JTS 00S 066 98 OLE O98 OGZ 
36¢ OSes O4e 09S OSE OFS OSS OBZ OTY 00S OST OST OAT ODT OST OFT OST OT OTT OCT 06 08 04 


KH 


OF 





OS 


*s/ori pee - J 


0 8&0 90 100 110 
0 250 240 250 260 270 280 290 


7 


oO 


; 330 340 35 
150 160 17 








pL TA 
fl tl Nella sttd 

f 
$88 28 3 3 


OF4BY S284 T0A 





OQ OQ Qo ° 
9 " XN ro 


Degrees of Azimth 


Gain = 6% db 


wie a. 


DF. CHARACTERISTICS CF 4-ULSI@NT AVRTAL 


LG 


ARTIFICIAI 


ON 





Eead. on Position 


Dexrees off 


7 


Figs 


_ 


iT ARRAY 45° To 


+ 
N 


POLAR PATTERN FOR 4-ELEMEI 


LINE OF FLIGHT 





Sn 8 
OT4BY SFe4 TOA 


10 20 30 40 50 60 om 80 90 


s 
ro 
— 
ox) 
@ 

o— 
Oo 
r= 
oO 
nN 
oO 
> 
OQ 
I 
oO 
WwW 
» 
o 8 
wo fy 
oO 
~ 
oO 
a 
ot 


Head On 
Degrees of Azimuth 


Fig. 8. 


°6 ° Std 
ug pee} 
=e UgnuytzZy jo seated 
“pairs ' 410g 
06 08 94 09 OS OF OE O8 OT 0 6T O02 of OF 0S GC 04 Ot 








o 


OT 


Oo Oo © oO 
mo + DO 
OT4BY SSB TOA 


° 
o 


06 


OOT 


CERCCCE 


s/o: ye = AONGNUGHA ; 
IHOTTd ©) SHIT OL oGh AVENV OIISTS-% vod Kur LIvd vod 


& Vases £004 4000s7 CV S" LUMEN AMNAL 207” TU 


LINE OF FLIGHT 











Ht fr 
e 
™? 
Li “Hon : 
» 
a a} 
et i | —}- 
2 st 
9 
Se | ig 
a 
~ 
er ot tl ep - 
» Hey 
2 ° 
5 z 
te o 
a B 
- a 


2 CS CS o = oO 
mot © @ eA 1 
OT48H eFaqtToA 


Head on 


Fig. 10. 


“It “Sta 
uO pBee 
"pqqs yanuITZy Jo seoreq t 410d 
0 ©. 04 09 OG OF Of OF OT O OT Of OF OF os o9 Oz 


*s/ox pee = ANNE ALANA 
Ma0tTd 40 SNIT OL oS’ AVHUY INGIGTW-b YOd NavLIVA UYIOg 





Cc 
wt 


© 
Ww 
OTIBY sFe4ToA 


oO 
oO 


Oo 
* 


06 


OOT 





OT18H °A°O 


Degrees off Head on Position 


Fig. 12. 


*Pais 
06 08 04 09 OS 





"CT "3Ta 

uO pBeH 

} pudd 

OF OF O8 OT OT 0 Oc OF OG O9 O84 





WCHL INAVEd GO ONT. LuOd 
NA CVT IW WOAH HOd SHVEDVIG UVTIOd TVOICAL 


0s O06 


0 
OT 


0g 


O¢ 


OOT 


OTAYBY SSeqToA 


D.F. CHARACTERISTICS OF REBECCA 
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REBECCA NOSE AERIALS ON BEAUFIGHTER Al19-34 D/F DIAGRAMS 
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ADDITION TO 4.S.V. BEACON AERIAL FOR PRODUCTION 
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